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Summary Tobacco smoking was studied in relation to colorectal cancer in 56 973 Finnish men and women initially free from cancer. Smoking
status was determined by a health questionnaire. During a follow-up period of 28 years, from the baseline in 1966-72 to the end of 1994, 457
cases of colorectal cancer occurred. There was no significant association between baseline smoking status and colorectal cancer risk over
the total follow-up period. The sex- and age-adjusted relative risk of colorectal cancer between smokers and non-smokers was 1.06 (95%
confidence interval 0.84-1.33). Forfollow-up periods of 11-20 years, however, the relative risk was 1.57 (95% confidence interval 1.09-2.24).
In a subgroup in which smoking habits were assessed twice, the relative risk of colorectal cancer among persistent smokers was 1.71 (95%
confidence interval 1.09-2.68) compared with others. The results of the present prospective study are consistent with the possibility
that smoking increases the risk of colorectal cancer after a relatively long induction period. To clarify the role of smoking in colorectal
cancer development, further cohort studies are needed with long follow-up periods and allowing for control of dietary and other potential
confounding factors.
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It has been suggested that smoking increases risk of colorectal
cancer (Giovannucci et al. 1994a and b: Wu and Henderson. 1995:
Giovannucci and Martinez. 1996). Although an association
between smoking and colorectal cancer occurrence has been
extensively studied in both cohort and case-control studies. the
evidence remains inconsistent. and no definite conclusions can yet
be drawn (Kune et al. 1992: Heineman et al. 1995: Giovannucci
and Martinez. 1996).
One possibility is that tobacco smoke may exert an influence
during an early stage of the process. leadinr to colorectal
adenomas and colorectal cancer: however. as the induction period
is very long. the influence may be observable only in studies with
long enough reference periods (Giovannucci et al. 1994a and b:
Giovannucci and Martinez. 1996). In accordance with this hypoth-
esis. most studies ofsmoking, and colorectal adenoma have consis-
tently demonstrated an elevated risk ofthe disease among smokers
(D'Avanzo et al. 1995). Only a few of the studies with long
follow-up times have. however. reported an association between
smokingy and colorectal cancer risk (Engeland et al. 1996:
Giovannucci and Martinez. 1996: Nyren et al. 1996).
A definitive conclusion thus requires more results from
epidemiological cohort studies over long follow-up periods and
under different circumstances. Accordingly. we studied the rela-
tionship between smoking habits and occurrence of colorectal
cancer in Finnish men and women over a period of 22-28 years.
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POPULATION AND METHODS
Baseline examination
During 1966-72. the Mobile Health Clinic of the Social Insurance
Institution carried out multiphasic health examinations in 36
municipalities in different parts of Finland (Aromaa, 1981).
Altogether. 58 440 men and women 15 or more years of age were
invited to participate in the study. and 82%7 did so.
All participants completed a mailed questionnaire about resi-
dence. marital status. present or last occupation and smoking
status. This was checked during the baseline examination. The
questions about current smoking status were: (1) do you smoke
cigarettes? (possible answers were: no. fewer than 15 cigarettes
per day. 15 or more cigarettes per day): (2) do you smoke cigars?
(possible answers: no. yes): (3) do you smoke a pipe? (possible
answers: no. yes): and (4) have you stopped smoking? (possible
answers: no. yes). Subjects were classified as never-smokers. ex-
smokers. current smokers of cigar or pipe only. current smokers of
fewer than 15 cigarettes per day and current smokers of 15 or more
cigarettes per day. The first two classes were also combined to
form a class of non-smokers. and the last three to form a class of
current smokers. Height and weight were measured and the body
mass index was estimated.
Follow-up of smoking
Health examinations were repeated by the Mobile Clinic from 1973
to 1976. after an average interval of 5.7 years (range 4-7 years) in
12 of the original communities (Reunanen et al. 1983). Of those
invited to take part. 17 551 did so. a participation rate of 90%7. On
re-examination. participants completed a questionnaire containing
items relating to smoking habits. Reproducibility of smoking was
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Table 1 Relative nsk of colorectal cancer between smoking categories
Smoldng Cdooectum Colon Rectum
No. at No. of RelAti 95% No. of Rative 95% No. of Relative 95%
risk cases risk Confidence cases risk Confidence cases risk Confidence
interval interval interval
(Adjustnent sex and age)
Never 30 208 264 1 (Reference) 144 1 (Reference) 120 1 (Reference)
Ex 6 904 67 1.07 0.78-1.46 34 1.21 0.78-1.87 33 0.94 0.60-1.46
Pipe or cigar 1 277 14 1.37 0.78-2.41 6 1.36 0.58-3.21 8 1.36 0.64-2.89
Cijarette <15 per day 10 529 63 1.09 0.81-1.47 30 1.07 0.70-1.63 33 1.10 0.73-1.68
Cigarette > 15 per day 8 055 49 1.02 0.72-1.45 27 1.25 0.77-2.03 22 0.83 0.50-1.38
(Adjustment: sex, age, body mass index, occupation, geographical area, type of population and marital status)
Never 30 196 264 1 (Reference) 144 1 (Reference) 120 1 (Reference)
Ex 6 900 67 1.02 0.74-1.39 34 1.19 0.76-1.85 33 0.87 0.56-1.36
Pipe orcigar 1 277 14 1.46 0.83-2.57 6 1.46 0.62-3.45 8 1.45 0.68-3.10
Cigarette < 15 per day 10 522 62 1.11 0.82-1.50 30 1.11 0.72-1.70 32 1.11 0.72-1.70
Cigarette > 15 per day 8 048 49 1.04 0.73-1.48 27 1.37 0.78-2.08 22 0.85 0.51-1.41
Table 2 Relative riska of colorectal cancer between current smokers at both baselines and other persons
Current smoker No. at Coorectum Colon Rectum
at both baselines risk
Relatv 95% Relative 95% Relative 95%
risk Confidence risk Confidence risk Confidence
interval interval interval
No 13 274 1 (Reference) 1 (Reference) 1 (Reference)
Yes 4 017 1.71 1.09-2.68 1.92 1.05-3.50 1.49 0.76-2.91
aAdjusted for sex and age.
evaluated by comparing results of the two questionnaires
(Heliovaara et al. 1993). The intraclass correlation coefficient for
overall reproducibility was 0.72. Partial coefficients for never-
smokers. ex-smokers and current smokers were 0.85. 0.51 and 0.68
respectively. Smoking status was then classed as: (1) current
smoker at both baseline examinations, (2) never-smoker at both
baseline examinations and (3) others. In subsequent comparisons,
those in the first category. persistent smokers, were compared with
those in the other two categories combined. The average age of
starting smoking was 20 years in both smoking categories.
Follow-up of cancer incidence
Information conceming the subsequent incidence ofcancer, avail-
able through the nationwide Finnish Cancer Registry (Teppo et al.
1994), was linked to the data to allow study of the association
between smoking and incidence of colorectal cancer. Altogether.
56 973 individuals were at risk after exclusion ofpersons found to
be suffering from cancer during the baseline examination. During
the 22-28 years of follow-up from the baseline examination in
1966-72 to the end of 1994, 457 cases of colorectal cancer
(International Classification of Diseases, seventh revision. codes
153-154) (World Health Organization. 1955) were diagnosed (241
cases ofcolon cancer and 216 cases ofrectum cancer).
Statistical methods
Cox's proportional hazards model was used to estimate the associ-
ation between smoking and the risk of colorectal cancer (Cox.
1972). Using never-smokers as reference categories. relative risks
for smoking were calculated. Potential confounding and effect-
modifying factors were included in the model. Reproducibility
of smoking status was assessed using the intraclass correlation
coefficient (Winer. 1971).
RESULTS
No significant association was found between smoking and
colorectal cancer occurrence over the whose follow-up period
(Table 1). The sex- and age-adjusted relative risk of colon cancer
between heavy smokers and never-smokers was 1.25 (95% confi-
dence interval (CI) 0.77-2.03) and for rectal cancer 0.83 (CI
0.50-1.38). Smokers of only pipe or cigars in comparison with
never-smokers had relative risks of 1.36 (CI 0.58-3.21) for colon
cancer and 1.36 (CI 0.64-3.89) for rectal cancer. The relative risk
of colorectal cancer for all smokers combined in comparison with
non-smokers was 1.06 (CI 0.84-1.33). Further adjustment for
body mass index, occupation. geographical area, type of popula-
tion and marital status did not materially affect the results.
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The lack of any association between smokinc status and
colorectal cancer was not significantly modified by sex. age or
body mass index (data not shown). The association was. however.
dependent on length of follow-up. The relative risk of colorectal
cancer between smokers and non-smokers was 1.57 (CI
1.09-2.24) for follow-up periods ofbetween 11 and 20 years. The
corresponding results for men and women were 1.94 (CI
1.25-3.00) and 0.89 (CI 0.40-1.97) respectively. The relative risk
was higher for rectal cancer among men with a relative risk of2.26
(CI 1.23-4.15). Over shorter (< 10 years) or longer (> 20 years)
follow-up periods. no association was observable between
smokinc and colorectal cancer. the relative risks being 0.98 (CI
0.61-1.55) and 0.75 (CI 0.51-1.1 1) respectively.
Comparison of risk of colorectal cancer between persons
recorded as smokers during, both baseline examinations and others
revealed a significant association between smoking and colorectal
cancer occurrence. The relative risk estimated from the second
baseline onwards between persistent smokers and other persons
was 1.71 (CI 1.09-2.68) (Table 2).
DISCUSSION
There was no significant association between smokinc and colon
or rectal cancers during the total follow-up period of 2"-28 years
in the present cohort study. The finding is in agreement with those
in certain case-control (D Avanzo et al. 1995: Giovannucci and
Martinez. 1996) and cohort studies over shorter follow-up periods
(Heineman et al. 1995: Giovannucci and Martinez. 1996).
In contrast. an excess risk of colorectal cancer among smokers
has been found in some (Doll et al. 1994: Giovannucci et al. 1994a
and b: Heineman et al. 1995) but not all cohort studies with a long
follow-up period (Engeland et al. 1996: Nyren et al. 1996). It has
been suggested that the lack of association in certain studies may
be a consequence of the long induction period needed before
expression of the effect of smoking on colorectal cancer (Boutron
et al. 1995: Slatterv et al. 1997). In accord with that suggestion. we
found an increased risk of cancer over follow-up periods of 11-'0
years. The participants in the present study had smoked. on
average. for 20 years at the time of the baseline examination. and
this effect was observable after exposures of 30-40 years. We
found no association during the first 10 years of follow-up.
perhaps because the induction period was longer than the period of
observation.
Changes in smoking habits during a long period of follow-up
may explain the lack of association between smoking and
colorectal cancer in the latest years offollow-up (ofover 20 years).
Although reproducibility ofsmoking status over follow-up periods
of 4-7 years was relatively good in the present study. there have
been considerable chanaes in smokingy in Finland during follow-up
period (Pybrlfi et al. 1985). We found the highest risk among,
current smokers at both baseline surveys. Alternatively. the
stronger association among, persistent smokers may indicate that
the amount smoked was important. as suggested by Slattery et al
(1997). Another possible explanation ofthe lack of association for
verv longo follow-up periods is selection bias. Smoking is associ-
ated with several fatal diseases. such as lung cancer and coronarv
heart disease. so that only some smokers reach an age at which
colorectal cancer may occur. The fact that the associations
between smoking and occurrence of colon polyps are more
uniform than those between smoking and colorectal cancer
(Giovannucci and Lartinez. 1996) may. in part. also reflect this.
Diet. alcohol consumption and physical activity mav affect the
relationship between smoking and colorectal cancer but data on
these factors were not available in the present study. However. in a
subgroup of the population studied. non-smokers and smokers
exhibited dietary differences (Knekt et al. 1993). As in other popu-
lations (Subar and Harlan. 1993). we found that non-smokers
consumed more fruit and cereals. while smokers ate more dairy
products and meat and had higher intake ofdietary fat and energy.
Vegetables. fruits and fibre have been associated with decreased
risk of colorectal cancer in several studies whereas meat and.
potentially. also fat and excess energy intake have been suggested
as harmful factors in the development of colorectal cancer (Howe
et al. 1992: Giovannucci and Willett. 1994: Potter. 1996). Thus.
the small increase in risk observed in our study could be due to
confounding effects ofdietarv patterns.
Although there was only a weak association between cigarette
smoking and colorectal cancer in the present study. we found a
non-significant 80%7 elevated risk ofrectal cancer among smokers
of pipe or cigars only. in comparison with individuals who had
never smoked. This finding is in agreement with the majority of
studies evaluating risks of colon. rectal or colorectal cancer for
cigar and pipe smokers: almost all of these studies reported an
elevated risk (Heineman et al. 1995). This suggests that agents
contributing to the risk may be more concentrated in cigars or
pipes than in cigarettes. However. this association may also be due
to confounding factors. Life-style or dietary habits ofcigar or pipe
smokers could be different from those of cigarette smokers. Cigar
smoking may be associated with high social class and colorectal
cancer risk is higher in higher social classes (Pukkala. 1995).
In conclusion. we found a weak but non-significant association
bet,ween smoking and the risk of colorectal cancer. Significant
associations were demonstrated only after a relatively long follow-
up period and only among persistent smokers. Although the asso-
ciations observed are consistent with the hypothesized importance
of smoking in the early stages of colorectal cancer. it cannot be
excluded that the association is due to uncontrolled confounding
factors. To clarify the role of smoking in the development of
colorectal cancer. further studies are required with long follow-up
and consideration ofotherfactors that may confound or modify the
relationship.
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